Permanent monitoring of environmental issues demands efficient, accurate, and user-friendly pollutant prediction methods, particularly from operating variables. In this research, the efficiency of multiple polynomial regression in predicting the adsorption capacity of caffeine (q) from an experimental batch mode by multi-walled carbon nanotubes (MWCNTs) was investigated. The MWCNTs were specified by scanning electron microscope, Fourier transform infrared spectroscopy and point of zero charge. The results confirmed that the MWCNTs have a high capacity to uptake caffeine from the wastewater. Five parameters including pH, reaction time (t), adsorbent mass (M), temperature (T) and initial pollutant concentration (C) were selected as input model data and q as the output. The results indicated that multiple polynomial regression which employed C, M and t was the best model (normalized root mean square error ¼ 0.0916 and R 2 ¼ 0.996). The sensitivity analysis indicated that the predicted q is more sensitive to the C, followed by M, and t. The results indicated that the pH and temperature have no significant effect on the adsorption capacity of caffeine in batch mode experiments. The results displayed that estimations are slightly overestimated. This study demonstrated that the multiple polynomial regression could be an accurate and faster alternative to available difficult and time-consuming models for q prediction.
INTRODUCTION
Caffeine (CFN) with chemical formula C 8 H 10 N 4 O 2 is an alkaloid appertaining to the methylxanthine group naturally available in foods including tea, coffee, kola nuts and cacao beans. In humans, caffeine acts not only as a central nervous system provocative but also as a natural pesticide for the plant (Pavel et al. ) . Caffeine is liberated in the aquatic environment and has been found in surface water, ground water and also in wastewater effluents in large concentration (∼10 g L À1 ) (Glassmeyer et al. ) . Because caffeine is difficult to metabolize and is commonly found in ground water and surface water, it has been proposed as a chemical indicator of environmental pollution. For instance, zebra fish embryos could not survive when the dose of caffeine in water was greater than 300 mg L À1 (Chen et al. ) . Literature also indicated that this substance is toxic to most of the aquatic environment (Pollack et al. ) . Caffeine can damage soil fertility, cause barriers to seed germination and lowers growth of seedlings (Pollack et al. ) . Thus, elimination of excess caffeine from different water sources is necessary. treatment and adsorption (Ma et al. ) . Traditional procedures applied for caffeine elimination are either expensive or involve the utilization of toxic organic materials. However, as traditional wastewater treatment do not degrade caffeine, it is important to look for alternatives (Álvarez-Torrellas et al. ) . Adsorption procedure is one of the best wastewater treatments due to the simplicity, ease of operation, high efficiency and can be utilized in small scale household units; thus, adsorption techniques are commonly applied. Adsorbents must have suitable characteristics including high adsorption capacity, surface area, selectivity, lifetime and capacity for regeneration (Arshadi et al. ) .
Nowadays, a great deal of interest is being concentrated on the use of nano-structured materials such as carbon nanotubes (CNTs) as adsorbents to eliminate harmful and toxic organic pollutant from aqueous media. CNTs which were described by Iijima () , are one of the most commonly investigated carbon nano-materials and can act as good adsorbents for the removal of toxic pollutants due to their layered and hollow structure, and also large surface area (Tan et al. ) . CNTs materials can be divided into Table 1 .
Characterization techniques
The pH of solution was modified using 0. Equation (1),
where C 0 and C e are the initial concentration of caffeine in solution and the concentration in equilibrium (mg L À1 ), respectively, V is the volume of solution (L) and m is the adsorbent mass (g).
Multiple polynomial regression with interaction effects
Statistical procedures such as multiple polynomial regression are the best tools for studying any relationship between low example sizes of response and independent variables (Razi & Athappilly ) . Statistical analysis that justifies the combinations of factor levels was used through multiple polynomial regression analysis using Minitab 17 software. Multiple polynomial regression is a procedure applied to model the relationship between one or more independent parameters and a response variable. To create this regression model, it was necessary to determine critical parameters, given that the best model must have the least number of necessary parameters and maximum accuracy.
In this research, q was the response variable. 
where q i andq i are the measured and model estimated amounts of caffeine adsorbed (mg g À1 ), respectively, q and q are the mean of measured and predicted values, respectively, and n is the number of measurements. A lower NRMSE value and higher R 2 value are regarded as showing goodness of agreement between measured and estimated caffeine adsorbed data. NRMSE of less than 10% represents accuracy of the model. When the quantity of NRMSE is closer to zero the precision of results is higher. The prediction is considered poor if the NRMSE is higher than 30%, fair if the NRMSE is higher than 20% and lower than 30%, good if the NRMSE is higher than 10% and lower than 20% and excellent if the NRMSE is lower than 10% 
RESULTS AND DISCUSSION

Characterization of MWCNTs
The surface and textural morphology of MWCNTs by SEM image is illustrated in Figure 1 Several works have been performed in order to elucidate the mechanism of adsorption of many molecules on different adsorbents. Those publications reveal that adsorption of organic molecules from dilute aqueous solutions on carbon materials is a complex interplay between electrostatic and non-electrostatic interactions and that both interactions depend on the characteristics of the adsorbent and adsorbate, as well as the solution chemical properties (Moreno-Castilla ). As a similar substance, MWCNTs can be considered effective in removing organic contaminants.
Multiple polynomial regression study
Training the model First, 86 samples of the data set were randomly selected for building the model then the remainder were entered and ran the model. The general equation of multiple polynomial regression with interaction effects is presented in Equation (1).
As can be seen in Equation (5) quadratic effect is significant, we must assume linear effect in model (significant or not significant).
Note 2 -In regression with interaction effects, when an interaction effect is significant, we must assume both linear effects in model (significant or not significant).
The following terms could not be estimated and were removed: (t*M, t*pH, t*T, C*M, C*pH, C*T, M*pH, M*T, pH*T, and T 3 ). Table 2 shows the results of the first step for multiple polynomial regression with interaction effects.
As can be seen in Table 3 , some of parameters were not significant (P-value >0.05). By considering Notes 1 and 2, the factors given in Table 3 were candidates for removal. Then the most not significant term (more P-value) in the first run (pH 3 ) was removed and the operation run again. The results of the second step for multiple polynomial regression with interaction effects are given in Table 4 . The factors
given in Table 5 were the candidates for removal. The process was continued step-by-step to the point that there were only significant factors. Table 6 shows the results of the last run. As such, the cubic effect of t and C (t 3 , C 3 ), the quadratic effects of t, C and M (t 2 , C 2 and M 2 ), the linear effects of t, C and M and the interaction effect of t and C (t*C) remained in model. Therefore, the final regression equation was as follows:
q ¼ 1:191t þ 0:3047C À 207:3M À 0:05659t 2 þ 0:000054C 2 þ 711:9M 2 À 0:006995tÃC þ 0:001068t 3 À 0:000000C 3
For the final model (Equation (6)), R 2 , R 2 adj and R 2 pred were obtained as 0.998, 0.9979 and 0.9973, respectively. Also, the RMSE of Equation (6) is 0.5987. Figure 5 shows the residual plots of the final model. This figure is applied to test the goodness of fit in multiple polynomial regression.
Testing residual plots reveals that the usual least squares assumptions are being met. Figure 5(a) shows the histogram of the residuals, and whether the variance is normally dis-
tributed. An almost symmetric bell-shaped histogram of Figure 5 (a) displays the normality assumption is likely to be true. Figure 5(b) shows the residuals versus fits indicating that the residuals have a nearly constant variance. Figure 5(c) shows the normal probability plot of the residuals.
As can be seen from Figure 5(c) , the plot is nearly linear assuming that the error terms are normally distributed. Figure 5(d) shows the residuals versus order of data assuming that the residuals are uncorrelated with each other.
Testing the model
Twenty-eight independent data were selected for testing the Equation (6). Using the input data (t, C and M) in Equation (6), the adsorption capacity of caffeine, q (mg g À1 ), was calculated. The linear regression was applied between measured adsorption capacity (q m ) and predicted adsorption capacity (q p ) of caffeine. Comparison of the q p by multiple polynomial regression and q m is presented in Figure 6 . Also, the confidence limits at the 5% level, based on the distribution of points around the fitted line, indicate an excellent reliability to predict adsorption capacity of caffeine. As Table 7 shows, the various tests results indicated that Equation (6) (6)) are presented in Table 7 .
For all linear regressions observed in Table 7 , the distances from the origin are not significant at the 5% level and are considered zero. Based on MWCNTs. In fact, equilibrium is reached after 5 min for caffeine (data not presented). The removal efficiency increases with time in the first 5 min and then the adsorption curve 
CONCLUSION
In this research, the adsorption capacity of caffeine by
MWCNTs is studied using multiple polynomial regression.
The influences of C, M, t, T and pH on q (mg g À1 ) were studied. The MWCNTs were specified by SEM, FTIR spectroscopy and point of zero charge. The results confirmed that the MWCNTs have a high capacity to uptake caffeine from the wastewater. Results show that multiple polynomial regression could give excellent fit to the observation adsorption capacity. The increment of input variables from only 'C þ M þ t' to 'C þ M þ t þ pH þ T' did not show a significant effect on the removal efficiency of caffeine from aqueous media and consequently did not affect the model.
The results also indicated that C was more important in q prediction, relative to M and t. The suggested technique is easy to operate, accurate, rapid and needs less computational time.
